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In our isochron studies using grains of different sizes, we observed that the IRSL ages obtained from 
K‐feldspar without correction for fading show an increase with increasing grain size [Li et al., 2007, 2008]. 
Huntley [2011a] argued that this result was caused by different fading rates for grains of different sizes or 
by different source materials for different sizes of grains. We replied to his comment [Li et al., 2011], 
suggesting that the phenomenon could be explained by there being different fading rates for the IRSL 
signals produced by natural and laboratory irradiation [Li et al., 2007, 2008]. Instead of applying a 
correction to the whole of the IRSL signal [Zhao and Li, 2002], Li et al. [2008] deduced that the IRSL signal 
derived from the internal dose rate does not fade. An isochron dating method using the internal dose was 
proposed, and it appeared to be able to give reliable ages for well‐bleached aeolian samples [Li et al., 
2008]. We are pleased that Huntley [2011b] has put forward new comments and some valuable 
explanations for our isochron data [Li et al., 2008] and that we can take the opportunity to reply to his 
comments. 
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Introduction 
 
In our isochron studies using grains of different sizes, we observed that the IRSL 
ages obtained from K-feldspar without correction for fading show an increase with 
increasing grain size (Li et al., 2007; Li et al., 2008). Huntley (2010) argued that this 
result was caused by different fading rates for grains of different sizes, or by different 
source materials for different sizes of grains. We replied to his comment (Li et al., 2010), 
suggesting that the phenomenon could be explained by there being different fading rates 
for the IRSL signals produced by natural and laboratory irradiation (Li et al., 2007; Li et 
al., 2008). Instead of applying a correction to the whole of the IRSL signal (Zhao and Li, 
2002), Li et al. (2008) deduced that the IRSL signal derived from the internal dose rate 
does not fade. An isochron dating method using the internal dose was proposed and it 
appeared to be able to give reliable ages for well bleached aeolian samples (Li et al., 
2008). 
 
We are pleased that Huntley (this issue) has put forward new comments and some 
valuable explanations for our isochron data (Li et al., 2008) and take the opportunity to 
reply to his comments. 
  
Difference between internal dose and external dose in fading of IRSL signal 
 
The deduction that the IRSL signals due to the internal dose and external dose have 
different fading rates is based on empirical results which showed that the ages calculated 
using the internal dose is higher than those calculated from the external dose using the 
isochron method (Li et al., 2007, 2008). As mentioned by Huntley (this issue), one 
method of verifying this deduction is to plot the ratio of the uncorrected K-feldspar age to 
the true age as a function of the external dose rate and see whether an extrapolation of the 
data set yields unity at zero external dose rate. Figure 10 of  Li et al. (2008) showed such 
a plot and indeed seemed not to support this assertion. However, the underestimation 
factor (the ratio of the uncorrected K-feldspar age to the true age) will depend not only on 
the actual anomalous fading rate in nature but also on the sample’s age. Indeed, it has 
been shown elsewhere that older samples tend to have larger age underestimation (Li and 
Li, 2008; Kars et al., 2008). Hence, it is not appropriate to extrapolate all the data sets in 
Fig. 10 without consideration of the ages and source regions of the K-feldspar grains, 
since the latter may result in different anomalous fading properties.  Only when samples 
that have the same fading properties and have similar ages, could one expect 
extrapolation of the ratios to result in unity for zero external dose rate.  
 
Taking account of both the ages and geological settings of the samples in Fig. 10 
(Li et al., 2008), we have divided the data sets into three groups of similar age range and 
similar geological proximity or fading properties: the first group includes samples HLD3, 
SY3 and WG3, the second group includes samples Sm0404 and Sm5, and the third group 
is made up of the remaining samples. If we consider the different groups individually, 
three lines can be drawn from unity at zero external dose rate and passing through the 
three groups (Fig. 1). This figure cannot disprove possibility that different contributions 
of the external dose and internal dose can result in different underestimation in IRSL ages, 
i.e. the higher contribution from the external dose, the more underestimation in their ages.  
 
Anomalous fading in the laboratory and in nature 
 
Several samples (D4, Dgw5, Sm1, Sm2, Sm3 and Sm4) have uncorrected K-
feldspar IRSL ages in agreement with the independent ages (in this case quartz OSL ages) 
within uncertainties, although they are expected to have lower IRSL ages based on the 
anomalous fading observed in laboratory fading tests. Huntley (this issue) raises doubts 
concerning the validity of our equivalent dose estimation procedure; however, the 
procedure used for equivalent dose estimation should be reliable as a good dose recovery 
test was obtained (Li et al., 2007). Furthermore, for other samples shown in Fig. 1 which 
have uncorrected K-feldspar ages lower than independent ages, the isochron ages are also 
in agreement with the independent ages. This suggests that the slopes of the lines F are 
not simply proportional to the equivalent doses, and also not dependent on the extent of 
underestimation or anomalous fading.  
 
Huntley (this issue) points out that the fading-corrected ages are in agreement with 
the independent ages for some of our samples (e.g. WG3, HLD3 and SY3) but not for 
others. This could be explained by the laboratory measured fading rates not necessarily 
reflecting the rate of anomalous fading in nature. In particular, the anomalous fading rates 
measured in the laboratory may be dependent on the natural dose received and the dose 
rate during the burial period (Li and Li, 2008; Kars et al., 2008). Several studies have 
shown that anomalous fading corrections made using the laboratory measured fading rate 
failed (e.g. Wallinga et al., 2007; Kars et al., 2010; Reimann et al., 2010). These studies 
showed that the fading-corrected ages might overestimate or underestimate the true ages, 
indicating that some natural processes cause a change in the fading rate in nature; thus the 
laboratory fading test may not reflect the real fading rate that takes place in the natural 
process. The consistency between fading-corrected ages and true ages could result from a 
balance between the processes for some samples, but not for all; hence, the application of 
a fading correction using the laboratory measured fading rate (Huntley and Lamothe, 
2001) must be viewed with caution.  
 
  
Explanations for the isochron dating results 
 
Our deduction that the part of the IRSL signal derived from the internal dose does 
not fade is based on experimental results (Li et al., 2007, 2008). We agree with Huntley 
(2010, this issue) that there is no clear physical mechanism for such a phenomenon; 
however, the aim of our study was to develop a technique which could both overcome 
any environmental dose rate changes and avoid having to make a correction for 
anomalous fading. We agree with Huntley (this issue) that our inference of a non-fading 
IRSL signal from the internal dose might not be true; it is only a possible explanation for 
this phenomenon. Here we present some other possible explanations which do not 
contradict conventional radiation physics and we will be glad to receive additional 
explanations from others.   
 
In the original paper (Li et al., 2007) we suggested that the decay of radioactive 
isotopes internal to K-feldspar grains (i.e., 40K and 87Rb) into new isotopes (i.e., 40Ca and 
87Sr) during the natural decay process may be the cause of different fading rates between 
the IRSL signal created by the radiation emanating from inside the K-feldspar crystal and 
that from outside. The radioactive decay might have created new defects and caused 
changes in the crystal microstructure, which might either create stable (or non-fading) 
traps or prevent the tunneling process for the trapped electrons related to these defects. 
Following this line of reasoning, since the internal dose also relates to the decay of 40K 
and 87Rb, the portion of the equivalent dose corresponding to the newly created stable 
traps would be proportional to the internal dose. However, a problem with this possible 
explanation is that the concentration of stable traps created should be independent of 
grain size. 
 
Another possible explanation relates to the filling of electron traps. The larger K-
feldspar grains have a higher dose rate (internal plus external dose rates) than the smaller 
grains. If this higher dose rate could have resulted in a higher electron filling probability, 
a lower fading rate in nature would be inferred for the larger grains compared with the 
smaller grain. As a result, age underestimation due to anomalous fading for larger grains 
is less than for smaller grains, and the slope of the trend line F in the isochron plot will 
increase accordingly; this would result in all grain sizes having different degree of 
underestimation. The apparent effect is that the increased slope of F would give an age 
close to the true age. Such an effect should be dependent on the fading rate of the samples, 
i.e. less dependence for samples with smaller amounts of fading, which agrees with our 
results that the isochron method gave ages consistent with expected ages when applied to 
samples with different extents of underestimation in apparent K-feldspar IRSL ages (Fig. 
5 and Fig. 6 in Li et al. (2008)). However, this result is in contrast to the results in Fig. 10, 
which show that a sample with a higher dose rate tends to have larger age 
underestimation.  
 
Another possible cause of the effect that we observe is related to internal alpha 
particle emission.  It has been shown that there is a contribution of alpha dose from 
internal U and Th contents in K-feldspar grains (Zhao and Li, 2005). Due to the short 
penetration distance (~25 µm) of alpha particles in feldspar (Aitken, 1985), fewer alpha 
particles will escape from feldspar grains with diameters larger than this distance. The 
larger the grain size, the fewer alpha particles will escape. As the high energy alpha 
particle is finally stopped in the crystal, defects may be formed that relate to the electron 
traps. Thus, more defects are formed in larger grains. It is possible that these newly 
formed defects are associated with the creation of stable traps, and this would result in 
relatively less fading in larger grains during natural irradiation than in smaller grains. As 
a result, the natural fading rate would be dependent on the grain size, and the IRSL age 
would depend on grain size for K-feldspar (Li et al., 2007). However, because the 
internal dose rate is also proportional to grain size, it appears that the natural fading rate, 
and hence the apparent age, is dependent on the internal dose rate.  The preheat up to 
300°C used in laboratory measurements could result in diffusion of these defects, and this 
might cause such a grain size dependence to disappear in laboratory fading measurements. 
Such a diffusion process is required since similar laboratory fading rates for different 
grain sizes were observed (Li et al., 2007).  
 
We acknowledge that a satisfactory physical mechanism for explanation of the 
behavior of K-feldspar presented in our experimental results is needed. The explanations 
given above are not contrary to conventional physics, but are entirely speculative. Indeed, 
several complicated processes could have contributed to the apparent result that the 
internal dose gives ages consistent with the true ages. However, the aim of the isochron 
method is to provide an alternative approach for dating sediments with changes in past 
environmental dose rate and it is able to avoid the anomalous fading problem.  
 
Conclusion 
The isochron dating method can give reliable ages, though a viable physical mechanism 
for the behavior behind it is still to be found.   
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Figure 1: The ratios of uncorrected IRSL age to quartz OSL age for 125–150 mm diameter grains, 
plotted against the external dose rates (redrawn from Fig. 10 from Li et al. (2008)).  
 
 
